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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

3. Claims 20, 24, 25, 26, 27, 33, are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Lahaug (US 6,338,938) in view of Mimura et al. (US 7,022,616) and 
McReynolds (US 6,191 ,043). 

4. Regarding claims 20, Lahaug discloses a method of forming semiconductor 
devices wherein a silicon dry etch utilizing SF6 and helium is used without oxygen gas 
(column 3, line 49). 

5. It is noted that, in applicant's claim 20, the preamble describes "performing 
plasma etching to a silicon-on-insulator (SOI) substrate, however, the claim does not 
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specify that the silicon and the insulator are both etched, therefor, the examiner 
interprets the claim as etching only the silicon layer which is equivalent to etching silicon 
on any substrate since the insulator under layer is apparently not affected by the 
etching. The claims are silent about etching an insulator below a silicon layer. 

6. It is also noted that Lahaug is silent about electricity having a frequency equal to 
or more than 27 MHz. 

7. Mimura discloses a method of high speed silicon etching wherein both the 
etching rate and selectivity increase when the RF frequency is near 27 MHz or higher 
(fig. 8) (column 8, line 18) The frequency of 27 MHz or more is preferable for increasing 
the plasma density above the silicon wafer (column 8, line 6). Mimura appears to 
suggest that the preferred frequency is independent of the specific gas chemistry used 
for etching since a number of etching chemistries are used. 

8. Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Lahaug to perform the etching 
with an RF frequency of 27 MHz or higher because Mimura discloses a method of high 
speed silicon etching wherein both the etching rate and selectivity increase when the 
RF frequency is near 27 MHz or higher (fig. 8) (column 8, line 1 8) The frequency of 27 
MHz or more is preferable for increasing the plasma density above the silicon wafer 
(column 8, line 6). Mimura appears to suggest that the preferred frequency is 
independent of the specific gas chemistry used for etching since a number of etching 
chemistries are used. 
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9. One of ordinary skill in the art would have been motivated to modify the process 
of Lahaug to perform the etching with an RF frequency of 27 MHz or higher in order to 
increase the plasma density which will result in higher etch rates and higher etch 
selectivity. 

1 0. It is also noted that Lahaug is silent about the specific volumetric ration of He 
versusthe total flow rate of the etching gas being 80%. 

McReynolds teaches SF.sub.6 /O.sub.2 /He plasma etch chemistry is 
conventionally used for etching silicon (column 1 , line 34). On the top surface of the 
chamber 304, there is disposed a quartz window 306, which serves as a transparent 
medium to allow RF energy to enter the chamber (figure 3). McReynolds cites "Other 
gases that may be substituted for SF.sub.6 include C.sub.4 F.sub.8, CF.sub.4, 
NF.sub.3, and CHF.sub.3." (column 5, line 19). 

In Table 2 McReynolds teaches that the flow rate of each individual gas, in a 
silicon etching method, is adjustable, including the flow rate of He gas which is a result 
effective variable. In the examples provided in Table 2 of McReynolds, there are cases 
where He flow is 80% or more relative to the total gas flow. It is noted that McReynolds 
uses 02 gas in etching. The reference of McReynolds is not relied on to teach and 02 
free etching method, Lahaug teaches SF6 and He is sufficient to etch silicon. The 
reference of McReynolds is only relied on to teach the flow rate of each individual gas, 
in a silicon etching method, is adjustable, including the flow rate of He gas which is a 
result effective variable. In table 2 of McReynolds, removing Argon gas form the etching 
gas chemistry will result in a volumetric flow rate of the helium (He) gas introduced into 
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the treatment chamber is equal to 81 .63%, which is more than 80% of a total volumetric 
flow rate of the etching gas. ([400/(50+20+10+400)] = 0.8163). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Lahaug to adjust the He flow rate 
relative to the total gas flow rate because McReynolds teaches that the flow rate of each 
individual gas, in a silicon etching method, is adjustable, including the flow rate of He 
gas which is a result effective variable. In the examples provided in Table 2 of 
McReynolds, there are cases where He flow is 80% or more relative to the total gas 
flow, And since it has been held that discovering an optimum value of a result effective 
variable involves only routine skill in the art. 

it is also noted that Lahaug is silent about adding polymer forming gases, 
McReynolds teaches Other gases that may be substituted for SF.sub.6 include C.sub.4 
F.sub.8, CF.sub.4, NF.sub.3, and CHF.sub.3. Since it is prima facie obvious to combine 
two compositions each of which is taught by the prior art to be useful for the same 
purpose, in order to form a third composition to be used for the very same purpose, 
then, for instance combining SF.sub.6 and CF.sub.4 (or C.sub.4 F.sub.8, and 
CHF.sub.3 all of which are polymer forming gases) is obvious since McReynolds 
teaches the two gases accomplish equivalent function as far as etching silicon is 
concerned. Since the applicant uses the open language expression "method 
comprising" which is interpreted by the examiner as more etching gases are comprised, 
it is hard, if not impossible to predict what removing the (CF 4 ) gas will do to the etching 
rate since there is no basis for comparison, namely the (potentially used) other gases 
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have not been specified by applicant in the open language claims. In the case of 
McReynolds removing the (CF 4 ) gas will definitely reduce the etching rate when (CF 4 ) 
gas (in case CF 4 is substituted for SF6) is the only gas relied on to deliver the fluorine 
species for etching the layer since no other etching gas remains other than 02 and 
Helium which lack the ability of providing fluorine. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Lahaug by adding polymer 
forming gases because McReynolds teaches it is beneficial to do so. 

One of ordinary skill in the art would have been motivated to modify the process 
of Lahaug by adding polymer forming gases in order to further control the etching profile 
of the etched feature as to polymer is conventionally used for sidewall passivation, and 
since it is prima facie obvious to combine two compositions each of which is taught by 
the prior art to be useful for the same purpose, in order to form a third composition to be 
used for the very same purpose, 

As to claims 24, 25, it is noted Lahaug is silent about an inside wall of the 
chamber being quartz. As discussed above McReynolds discloses such a feature. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Lahaug to include a quartz 
window because McReynolds teaches it. 
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One of ordinary skill in the art would have been motivated to modify the process 
of Lahaug to include a quartz window in order to serve as a transparent medium to 
allow RF energy to enter the chamber (figure 3). 

Regarding claims 26, 27, it is noted that Lahaug is silent about an 
additional CL2. McReynolds provides etching parameters in Table 2, where Helium gas 
flow is used between 100 to 400 seem. When considered with relative to the range of 
the flow of the other SF 6 , CI2, Ar gases, the He and CI2 of McReynolds gas flows 
overlap the ranges claimed by the applicant. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Lahaug by adding CI2 to the 
silicon etching method in any amount including 10% of total flow of Lahaug because 
McReynolds teaches it is conventional do so. 

One of ordinary skill in the art would have been motivated to modify the process 
of Lahaug by adding CI2 to the silicon etching method in order to further control etch 
rate and etch profile and selectivity. McReynolds teaches CI2 is an adjustable result 
effective parameter, it has been held that discovering an optimum value of a result 
effective variable involves only routine skill in the art. 

Claim Rejections - 35 USC § 103 

Claims 31 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Lahaug (US 6,338,938) in view of Mimura et al. (US 7,022,616) and McReynolds (US 
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6,191 ,043) as applied above to claims 20, 24, 25, 26, 27, and further in view of 
Kholodenko et al. (US 2003/0033979). 

It is noted that Lahaug is silent about adding polymer forming gases. 

McReynolds teaches other gases that may be substituted for SF.sub.6 include 
C.sub.4 F.sub.8, CF.sub.4, NF.sub.3, and CHF.sub.3. (column 5, line 19) 

Kholodenko teaches "As an example, in the etching of silicon containing 
substrate material, the reactive gas may comprise a diluent gas such as nitrogen or 
argon; and the second process gas may comprise a reactive gas such as a halogen 
containing gas, such as for example, Cl.sub.2, BCI.sub.3, HCI, F.sub.2, CHF.sub.3, 
C.sub.4F.sub.6, CF.sub.4 and equivalents thereof." (paragraph 0023). 

Kholodenko clearly suggests C.sub.4F.sub.6 is as effective as CF.sub.4 as an 
etchant for silicon containing substrate material (column 5, line 19). 

McReynolds teaches SF.sub.6 is equivalent to CF.sub.4, Kholodenko clearly 
suggests C.sub.4F.sub.6 is equivalent to CF.sub.4. (paragraph 0023). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to expect C.sub.4F.sub.6 to perform similar etching 
functions as SF.sub.6. when the substrate to be etched contains silicon. 

Since it is prima facie obvious to combine two compositions each of which is 
taught by the prior art to be useful for the same purpose, in order to form a third 
composition to be used for the very same purpose, then, for instance combining 
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SF.sub.6 and CF.sub.4 (or SF.sub.6 and C.sub.4F.sub.6 ) is obvious since the above 
cited gases accomplish equivalent function as far as etching silicon. 

Claim Rejections - 35 USC § 103 

1 1 . Claims 32, are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Lahaug (US 6,338,938) in view of Mimura et al. (US 7,022,616) and McReynolds (US 
6,191 ,043) as applied to claims to claims 20, 21 , 24-27, 30-31 , above and further in 
view of Okumura (US 2003/0034542). 

12. It is noted that Lahaug is silent about a second etching step. 

Okumura discloses "Next, as shown in FIG. 1 1A, the photoresist mask 1 13 is 
removed. Next, as shown in FIG. 1 1 B, with the silicon oxide layer 1 1 2 used as a mask, 
RIE is performed using SF.sub.6 and CF.sub.4 to selectively etch out the silicon plate 
16a" (paragraph 01 013). The reference of Okumura is relied on only to teach that 
silicon is selectively etched using SF.sub.6 and CF.sub.4, it is not relied on to teach 
device manufacturing. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify the process of Mimura modified by Mimura and 
McReynolds to split the etching process into two steps because McReynolds teaches a 
step (first step) using SF.sub.6 /O.sub.2 /He plasma etch chemistry is conventionally 
used for etching silicon and combining SF.sub.6 and CF.sub.4 (or C.sub.4 F.sub.8, 
NF.sub.3, and CHF.sub.3 all of which are polymer forming gases) is obvious since 
McReynolds teaches the two gases accomplish equivalent function as far as etching 
silicon. 
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One of ordinary skill in the art would have been motivated to split the etching 
process of Lahaug into two steps when selectivity to an underlayer silicon oxide is 
required. One of ordinary skill in the art would have been motivated to select SF.sub.6 
and CF.sub.4 as the second step when the first etch step does not require selectivity in 
the etching, but the second step which exposes an underlayer requires selectivity to the 
underlayer. 



Response to Arguments 

1 . Applicant's arguments filed 6/9/1 0 have been fully considered but they are not 
persuasive. 

2. Regarding the new limitation of SOI, in applicant's claim 20, the preamble 
describes "performing plasma etching to a silicon-on-insulator (SOI) substrate, however, 
the claim does not specify that the silicon and the insulator are both etched, therefor, 
the examiner interprets the claim as etching only the silicon layer which is equivalent to 
etching silicon on any substrate since the insulator under layer is apparently not 
affected by the etching. The claims are silent about etching an insulator below a silicon 
layer. 

3. As to applicant's argument about combining gases that are recognized 
equivalent by the prior art, the examiners maintains that it is prima facie obvious to 
combine two compositions each of which is taught by the prior art to be useful for the 
same purpose, in order to form a third composition to be used for the very same 
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purpose. The idea of combining them flows logically from their having been individually 
taught in the prior art. 

4. Claim 31 is rejected with a new ground of rejection to address the new 
amendment to the claim. 



Conclusion 

5. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See M PEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

6. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to MAHMOUD DAHIMENE whose telephone number is 
(571)272-2410. The examiner can normally be reached on week days from 8:00 AM. to 
5:00 PM.. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on (571) 272-1465. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/M. D.l 

Examiner, Art Unit 1713 

/Shamim Ahmed/ 

Primary Examiner, Art Unit 1713 



